Topoisomerase II poisoning and antineoplastic action by DNA-nonbinding diacetyl and dicarboxaldoxime derivatives of ferrocene.
Topoisomerase II is a major molecular target for a number of DNA-binding anticancer drugs. In the present study, we report topoisomerase II inhibition and anticancer activity by four substituted ferrocene derivatives which do not bind to DNA. The first derivative, acetyl-substituted ferrocene (monoacetylferrocene), showed a minor inhibition of topoisomerase II activity along with a consequent inhibition of cancer cell proliferation. The second derivative (diacetylferrocene) showed a higher potency of action compared to the monosubstituted derivative. The third and fourth derivatives, with mono- and disubstituted carboxaldoxime groups (ferrocenecarboxaldoxime and ferrocenedicarboxaldoxime), showed a higher anticancer action and stronger topoisomerase II inhibition. To understand their molecular mechanism of action, cleavage assays were carried out to monitor the drug-induced, topoisomerase II mediated DNA cleavage. The results show that diacetylferrocene and ferrocenedicarboxaldoxime could form an enzyme-drug-DNA ternary complex, called a "cleavage complex," resulting in DNA cleavage. These results along with those of an immunoprecipitation assay indicate that the two compounds interact with topoisomerase II alone and poison its activity by trapping the enzyme and enzyme-cleaved DNA in the covalently closed cleavage complex. The formation of such a complex has numerous genetic implications, which ultimately results in neoplastic cell death.